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SUMMARY - Microsurgical clipping and endovascular coiling are both effective management
modalities for intracranial aneurysms, whereas recent procedures are mainly directed towards endo-
vascular treatment because of its minimally invasive nature. However, such a treatment has been as-
sociated with a bigger risk of recurrent aneurysmal growth and re-bleeding urging a selection of opti-
mal strategies to overcome these hazards. It seems that the most appropriate method of choice is
microsurgical clipping, which is much more technically challenging due to recurrent aneurysm de-
manding configuration created by the initial coiling. Herein, we present an illustrative institutional
case series of recurrent intracranial aneurysms following endovascular treatment, and discuss the con-
troversies and benefits of their subsequent microsurgical management, based on our experience and
on literature review. Considering the results reported in this paper, it seems that careful selective mi-
crosurgical neck clipping with/without aneurysmal sac resection and coil extraction remains the pre-
ferred management option for recurrent intracranial aneurysms, resulting in high obliteration rates,
long-term occlusion stability, and low morbidity/mortality. In conclusion, to bring a satisfactory out-
come, the multidisciplinary management of recurrent intracranial aneurysms after endovascular treat-
ment should be adjusted to aneurysm morphology/size/location, and individualized according to pa-

tient needs.
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Introduction

Microsurgical clipping and endovascular coiling
are both effective choices in the management of intra-
cranial aneurysms, whereas recent procedures are
mainly directed towards endovascular treatment be-
cause of its minimally invasive nature’. However, such
a treatment has been associated with a bigger risk of
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recurrent aneurysmal growth and re-bleeding?, which
represents a unique management challenge and re-
quires a skilled team of professionals consisting of
vascular neurosurgeons and intervention neuroradiol-
ogists’.

A variety of risk factors associated with aneurysm
recurrence exist, including comorbidities such as dia-
betes and arterial hypertension, habits such as cigarette
smoking, as well as aneurysm specific morphology’.
Therefore, recurrent aneurysms have an augmented
possibility of regrowth and subsequent rerupture?,urg-
ing a selection of suitable management strategies,
which are crucial when such a recurrence occurs. Com-
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plete sac occlusion of recurrent aneurysm after endo-
vascular treatment has been shown to be less effective
when compared to microsurgical clipping®. According
to the results of the International Subarachnoid Aneu-
rysm Trial (ISAT), aneurysmal neck remnants and sac
recanalization, as well as re-bleeding after coiling, were
significantly more often in comparison with microsur-
gical clipping®®. This was confirmed by the results of
the Cerebral Aneurysm Rerupture After Treatment
(CARAT) study, which also underlined that the risk of
residual aneurysm rupture was dependent on the de-
gree of neck obliteration, and that it was significantly
increased in aneurysm having a suboptimal occlusion’.
Hence, contrary to primary intracranial aneurysm, a
recurrent one is more prone to re-bleeding, as well as
much more technically demanding due to its poor
configuration possibly created by the initial coiling.

Herein, we present a case series of recurrent intra-
cranial aneurysms following endovascular treatment,
and discuss the controversies and benefits of their mi-
crosurgical management in relation to our experience
and to recent literature data.

Material and Methods

A retrospective single-institution analysis of illus-
trative case series of recurrent intracranial aneurysms
generated after endovascular treatment was performed.
Patient demographics and comorbidities, as well as an-
eurysm morphology, size and location were recorded.
'The indications for and the type of endovascular pro-
cedures performed prior to clipping were also studied.
Aneurysm angiographic patterns, microsurgical strate-
gies, and outcome of patients having such aneurysms
were provided too.

The intensity of meningeal response to aneurysmal
subarachnoid hemorrhage (SAH), status of neurologi-
cal deficit, and patient awareness level were assessed by
Hunt-Hess scoring (HH) on a 0-5 scale®. Procedure-
related complications occurring during and after the
initial and/or subsequent treatments were also recorded.

According to the Glasgow Outcome Scale Ex-
tended (GOSE)’ at hospital discharge and at follow-
ups, the outcome was dichotomized into favorable
(GOSE 5-8) and unfavorable (GOSE 1-4). This de-
scriptive 8-point outcome measure separates outcome
categories into lower and upper alignments permitting
better distinction of recovery’.
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Ilustrative Case Series

Case 1

A 57-year-old male was admitted to the hospital as
an emergency due to ruptured aneurysm on the left
pericallosal artery and consequent SAH two years pri-
or to microsurgical treatment. His past medical history
included arterial hypertension and no other chronic
illnesses. He was HH I at admission having no neuro-
logical deficit. Immediate endovascular procedure was
carried out and the aneurysm sac was occluded with 3
coils. His post-procedural recovery was uneventful and
he had upper full recovery (GOSE 8) at 6-month fol-
low-up when post-procedural digital subtraction angi-
ography (DSA) of cerebral vessels was performed
showing coil-occluded aneurysmal sac at A2 segment
of the left anterior cerebral artery (ACA) with minor
residual filling of the aneurysmal neck. However, the
residual aneurysm substantially enlarged at one-year
check-up, measuring 2.95 mm in diameter of aneurys-
mal sac (Fig. 1 A, B, C). Accordingly, microsurgical
aneurysm revision was proposed and bifrontal, more
left-side oriented craniotomy was performed. Aneu-
rysm site on the left pericallosal artery was located
through interhemispheric approach with control of
the neuronavigation system. Coils protruding through-
out the aneurysmal sac were visible but left intact. A
titanium clip was selectively placed across the aneurys-
mal neck, while intraoperative fluorescein imaging
confirmed no further aneurysmal filling with main-
tained patency of the parent vessel. Computerized to-
mography (CT) brain scan disclosed no abnormalities
and no signs of brain ischemic lesion. No additional
neurological deficit was observed. The patient was dis-
charged fully recovered (GOSE 8). Follow-up com-
puted tomographic angiography (CTA) performed at
6-month check-up after clipping showed stable distal
ACA aneurysmal occlusion (Fig. 1 D).

Case 2

An otherwise healthy 54-year-old female was ad-
mitted to the hospital as an emergency two years prior
to microsurgical treatment due to a giant ruptured an-
eurysm located at the bifurcation of the right middle
cerebral artery (MCA) and measuring 2.7 cm in diam-
eter, which was accompanied by subsequent SAH. She
was HH II at admission, having no major neurological
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Fig. 1. Digital subtraction angiography (DSA) of cerebral vessels performed at one-year

Jfollow-up after coiling, showing substantially enlarged residual aneurysm at A2 segment of the
left anterior cerebral artery (ACA) measuring 2.95 mm in diameter of aneurysmal sac (red
rings): the anteroposterior (A), lateral (B), and three-dimensional (C) DSA projections;
computed tomographic angiography (CTA) performed at 6-month follow-up after clipping,
showing stable aneurysmal occlusion (D) (red ring).

deficit. Following urgent diagnostic workup, which in-
cluded pan-cerebral DSA (Fig. 2 A), an immediate
endovascular procedure was carried out. The aneurysm
sac was completely occluded with 20 coils (Fig. 2 B),
while intra-procedural bleeding was reduced with low
systemic intravenous heparinization. Afterwards, the
patient was discharged fully recovered (GOSE 8).
However, magnetic resonance angiography (MRA)
performed at 6-month follow-up identified an addi-
tional non-ruptured small aneurysm on the opposite
MCA bifurcation. Therefore, she underwent repeated

cerebral vessel DSA, which revealed stable occlusion
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of the previously coiled right MCA giant aneurysm,
but also confirmed the opposite side wide-neck MCA
aneurysm formation (Fig. 2 C), which was successfully
treated by Woven EndoBridge (WEB) embolization
system consisting of self-expanding mesh ball titani-
um implant (Fig. 2 D), followed by the administration
of double antiplatelet therapy, which was discontinued
after a month. Nonetheless, post-procedural 3D DSA
performed at one-year follow-up showed coil-occlud-
ed aneurysmal recurrence of the right MCA having
residual filling of the neck (Fig. 3 A). Hence, the

patient was selected for microsurgical treatment.
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Fig. 2. Initial pan-cerebral digital subtraction angiography (DSA) showing giant ruptured
aneurysm located at the bifurcation of the right middle cerebral artery (MCA) measuring 2.7
cm in diameter (4) (white arrow): intra-procedural DSA confirming the aneurysm sac
completely occluded with 20 coils (B) (red ring); repeated cerebral vessel DSA revealing the
opposite side wide-neck MCA aneurysm formation (C) (white arrow); intra-procedural DSA
depicting Woven EndoBridge (WEB) embolization of the left MCA aneurysm at its
bifurcation (D) (red ring).

Right-sided pterional osteoplastic craniotomy was
performed. Coils protruding throughout the aneurys-
mal sac, as well as aneurysmal recurrence located at the
neck of the coiled aneurysm were visualized. A perma-
nent titanium clip was selectively placed upon the an-
eurysmal neck, while intraoperative fluorescein imag-
ing and Doppler ultrasonography confirmed no fur-
ther aneurysmal filling, along with preserved parent
vessel patency. The aneurysm sac was completely re-
sected together with the coils (Fig. 3 B). The immedi-
ate postoperative course was uneventful. Follow-up
CT brain scan disclosed no postoperative ischemic
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cerebral lesion. She was discharged fully recovered
(GOSE 8) having no neurological deficit. CTA of ce-
rebral vessels performed at 6-month follow-up re-
vealed stable occlusion and no signs of revasculariza-
tion of both aneurysms, the one on the right MCA
that was successfully clipped and resected, and another
one on the left MCA, which was occluded by WEB
(Fig. 3 C).

Case 3

A 61-year-old female was admitted to the hospital
as an emergency due to the ruptured aneurysm of the
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Fig. 3. Follow-up 3D digital subtraction angiography (3D DSA) showing coil-occluded aneurysmal sac of the right
MCA (white arrow) with residual filling of the neck (red arrow) (A); a photo of the completely resected aneurysm
illustrating aneurysmal sac filled with coils protruding throughout the aneurysmal wall (B); follow-up computed
tomaographic angiography (CTA) of cerebral vessels revealing stable occlusion and no signs of revascularization of both
aneurysms (C) (red rings).

Fig. 4. Urgent cerebral digital subtraction angiography (DSA) confirming ruptured aneurysm of the right MCA
bifurcation (A) (red ring); intra-procedural DSA showing the occluded aneurysm filled with 35 coils (B) (red ring);
post-procedural DSA in anteroposterior (C) and lateral (D) projections revealing slight coil compaction and
recanalization of aneurysmal neck after coiling (white arrows); postoperative fluoroscopy illustrating a huge strait
titanium clip selectively placed upon the aneurysmal neck (E) (white arrow); follow-up DSA showing complete
aneurysmal occlusion with no signs of relapse (F).

D)
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right MCA bifurcation visible on urgent cerebral DSA
(Fig. 4 A),and accompanied by SAH and intracerebral
hematoma (ICH) located in the right temporal lobe, a
year prior to microsurgical treatment. Her past medi-
cal history included arterial hypertension and hypo-
thyroidism. She had also suffered a heart attack (myo-
cardial infarction) a year before hospital admission,
where she was HH I and with no neurological deficit.
Immediate endovascular procedure was carried out
and the aneurysm was occluded with 35 coils (Fig. 4
B). Afterwards, she recovered fully and was discharged
from the hospital soon. However, post-procedural
DSA performed at 1.5-year follow-up revealed slight
coil compaction and recanalization of the aneurysmal
neck (Fig. 4 C and D), which were an indication for
microsurgical clipping. Right-sided pterional osteo-
plastic craniotomy was performed and the aneurysm
was completely resected together with the coils pro-
truding throughout the aneurysmal sac. A huge strait
titanium clip was selectively placed upon the aneurys-
mal neck (Fig. 4 E). Intraoperative fluorescein imaging
confirmed preserved parent vessel patency, with no
further aneurysmal filling. The immediate postopera-
tive course was uneventful. Follow-up CT brain scan
disclosed no postoperative ischemic cerebral lesion.
She was discharged fully recovered (GOSE 8) having
no neurological deficit. DSA of cerebral vessels per-
formed at 3-month follow-up showed complete aneu-
rysmal occlusion with no signs of relapse (Fig. 4 F).

Discussion

Although initial endovascular treatment of intra-
cranial aneurysms is an advantageous minimally inva-
sive procedure having low morbidity, it may be bur-
dened with the increased possibility of related compli-
cations including aneurysmal incomplete occlusion,
coil compaction, high rates of recanalization, relapse
and re-bleeding, endangering long-term stability of
coil embolization'®'2. However, one should always
consider the possibility of aneurysm recurrence re-
gardless of the mode and time of primary procedure®.
A systematic literature review, as well as the Barrow
Ruptured Aneurysm Trial (BRAT), indicated that
roughly 20% of coiled aneurysms may recur, whereas
almost half of them will undergo additional manage-
ment™?. Another BRAT study found that the rates of
coiled aneurysm occlusion decreased and their recur-
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rence increased over time, urging retreatment'®.In this
case series study, aneurysmal recurrence following en-
dovascular treatment was recorded after two years in
two patients, and after a year in the remaining one pa-
tient. Several studies have revealed that aneurysm size
and location are associated with its recurrence'>!7 .
'The bigger the aneurysmal sac and neck size, the lower
was the degree of aneurysm occlusion, and aneurysmal
rupture and stent-assisted coiling were identified as
strong indicators of aneurysm recurrence®. All aneu-
rysms from our series were ruptured ones, while a gi-
ant MCA aneurysm was recorded in one patient (Case
2). No stent-assisted coiling was performed in our pa-
tients. Aneurysmal remnants and regrowth, re-bleed-
ing, mass effect after coiling, as well as migration of the
coils represent clear indications for repeated treatment,
including microsurgical clipping®. No aneurysmal re-
rupture, mass effect or coil migration were observed in
our patients. Hence, aneurysmal recanalization was a
sole indication for microsurgical intervention. When
microsurgical management of recurrent intracranial
aneurysms is performed, the parent vessel patency has
to be considered®. The crucial challenge to maintain
vessel patency is to dissect the aneurysm in the field of
fibrosis, which is induced by coils extruded during the
endovascular treatment. This makes accurate clip
placement rather difficult* because intra-aneurysmal
coil masses may sometimes be adherent to the aneu-
rysm wall**?. To define aneurysmal neck better, coil
removal is often necessary, which has sometimes been
found as an adverse outcome factor after clipping and
associated with higher morbidity****. Nonetheless,
this procedure mainly enables secure clip closure of the
aneurysm?, although it is often technically challeng-
ing and more risky over time as coils become firmly
incorporated into the aneurysm sac*?%. However, we
managed to dissect the aneurysm sac together with the
coils in it in two out of three of our patients success-
tully, while in the remaining patient with 3 coils situ-
ated within the sac of pericallosal artery aneurysm, the
coils were left intact after selective neck clipping (Case
1). In all patients, the parent vessel patency was pre-
served, which was checked by intraoperative fluores-
cein imaging and Doppler ultrasonography.

Bearing in mind our results, it seems that careful
selective microsurgical neck clipping with or without
aneurysmal sac resection and coil extraction remains
the preferred management option for recurrent intra-
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cranial aneurysms following endovascular treatment,
resulting in high obliteration rates and low morbidity/
mortality, which is consistent with the results from rel-
evant literature?>?31,

At the end, we would like to address certain study
limitations primarily arising from the small sample
size, making recommendations for the best manage-
ment of recurrent intracranial aneurysms after endo-
vascular treatment difficult.

In conclusion, to ensure long-term occlusion sta-
bility, to reduce morbidity/mortality, and to bring a
satisfactory outcome, the management of recurrent in-
tracranial aneurysms after endovascular treatment
should be adjusted to aneurysm morphology, size and
location, and individualized according to patient needs,
as well as meticulously discussed in an experienced
multidisciplinary team of experts.
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Sazetak

MIKROKIRURSKO LIJECENJE RECIDIVIRAJUCIH INTRAKRANIJSKIH ANEURIZMA
NASTALIH NAKON ENDOVASKULARNIH POSTUPAKA:
ILUSTRATIVNI PRIKAZ SERIJE BOLESNIKA I PREGLED LITERATURE

K. Rotim, V. Kalousek, F. Vrban i B.Splavski

Mikrokirurski i endovaskularni postupci podjednako su uspjesne metode lijecenja intrakranijskih aneurizma. Ipak, u
novije se vrijeme u njihovom lijeCenju sve viSe rabe razlicite endovaskularne metode zbog svoje minimalne invazivnosti. Me-
dutim, ovi su terapijski postupci povezani s povecanim rizicima recidivirajuéeg aneurizmatskog rasta i ponovne rupture, §to
pobuduje potrebu odabira najpovoljnijih strategija za sprje¢avanje ovakvih rizika. Cini se kako je mikrokirursko selektivno
postavljanje klipse na vrat recidivirajuée aneurizme najprikladnija metoda izbora, unato¢ tomu sto je tehnicki izazovna zbog
zahtjevnog oblika aneurizme nastalog uslijed prethodnog postavljanja zavojnica u aneurizmatsku vrecu. Prikazujuéi ilustra-
tivnu seriju bolesnika, u radu predstavljamo nasa iskustva u lijeCenju recidivirajucih intrakranijskih aneurizma nastalih nakon
endovaskularnog lijeCenja te raspravljamo prednosti i nedostatke naknadnog mikrokirurkog lije¢enja temeljem pregleda li-
terature. U skladu s rezultatima ovoga rada, ¢ini se kako je pazljivo mikrokirurgko selektivno postavljanje klipse na vrat ane-
urizme s resekcijom aneurizmatske vrece i uklanjanjem zavojnica ili bez toga preporuéena moguénost lije¢enja recidivirajuéih
intrakranijskih aneurizma, koja osigurava visok stupanj obliteracije i dugoro¢nu stabilnost okluzije aneurizmatske vreée, kao
i nisku razinu pobola i smrtnosti. Zakljucujemo kako multidisciplinarno lijeCenje recidiviraju¢ih intrakranijskih aneurizma
nastalih nakon endovaskularnih postupaka treba biti prilagodeno obliku, veli¢ini i smjestaju aneurizme, kao i primjereno
potrebama svakog pojedinog bolesnika.
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